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This paper examines dietary generalization in terms of the degree to which the proportions of prey species in the diet correspond to the proportions of prey species in the environment. A "passive generalist" is defined as a species that takes prey in the proportions in which they are available in the environment. Whether a species fits this definition is determined by a goodness of fit test where the "observed" is the diet and the "expected" is calculated by the relative abundance of prey in the environment. We conclude that a species is a passive generalist when there is no significant difference. Obtaining prey at random (within the relevant taxa) implies that the prey are taken in proportion to their availability and that the choice is not influenced by previous meals or bites. We assume that the proportions of prey available do not change between bites because we have never observed a chaetodontid to alter the relative abundance of coral species or plankters.
An "active generalist" seeks a varied diet. When a prey is particularly common, it is taken less than expected by chance. When the same prey is relatively scarce, it is taken more than expected by chance. In other words, an active generalist is defined as a species for which the proportions of species in the diet differ significantly from the proportions available in such a way that the diet tends to be more diverse than the array of available prey because of in-creased evenness.
A "specialist" tends to favor certain prey species, whether common or rare. A specialist is defined as a species for which the proportions of prey species in the diet differ significantly from the proportions available in such a way that the prevalent items in the diet tend to vary in a consistent direction from the expected at all sites. Degree of specialization is compared by using both the number of species in the diet and the degree of deviation from the expected. To decide whether a species is a specialist or an active generalist requires observing the diet of the chaetodontid in different areas among which the relative abundances of the available prey differ. SITE DESCRIPTION This study was undertaken at St. Croix, U .S. Virgin Islands. Field observations were made from the NOAA Underwater Laboratory System-I (NULS-I), operated by the Manned undersea Science and Technology Office of NOAA in cooperation with the West Indies Laboratory of Fairleigh Dickinson University. Observations were made during 15 diving excursions (38 h) between 25 May and 1 June 1978.
The laboratory (Hydrolab) was located at a depth of 16 m on a sandy channel in Salt River Canyon, St. Croix. The two areas chosen for sample transects were along the west and east walls of the canyon. Transects began 220 m and 260 m, respectively, from the laboratory.
The west wall was very steep, often vertical, with many overhangs and caves. The east wall had a more gentle slope and generally more sediment. Scleractinian corals and antipatharians were far more prevalent on the west wall at both 15 and 30 m depth, than on the east wall at either depth (Table 1) . Gorgonaceans, especially plexaurids, were more common on the east wall at both depths (Table 1) . On both walls, Agaricia was more prevalent at 30 m than at 15 m although it was still the predominant coral at 15 m on the west wall (Table 1) . Most other coral species were more common at 15 m on both walls.
METHODS
In order to define areas in which diet was compared with prey availability, four areas were marked off with 100 meter transect lines laid out along the 15 and 30 m isobaths on both the east and west walls of Salt River Canyon. The abundance of chaetodontids was measured by swimming along the transect lines and counting all chaetodontids seen within 1 m to either side and within 2 m above the transect line. Although all species of chaetodontids were counted, this paper reports only on Chaetodon capistratus and Chaetodon (Prognathodes) aculeatus because they were the only two species common enough to provide adequate data. (Prognathodes has recently been reduced from a genus to a subgenus by Burgess [1978] .)
Measurement of surface areas for prey availability.-The relative abundances of potential prey species along transects were measured in terms of surface areas. The dimensions of large colonial animals were measured in centimeters and the areas were calculated. The occupation of horizontal surfaces were also measured by tallies from point intersection quadrats.
To assess the relative proportions of different large (> 1 cm diameter) prey species at each of the four sites, we repeatedly tossed a 0.0625 m2 quadrat haphazardly along the transect lines and measured all the animals larger than 1 cm in diameter within each quadrat. Height, maximum width or horizontal diameter, and greatest width or horizontal diameter perpendicular to the maximum diameter were measured for each individual sampled. Encrusting sponges, Erythropodium, corals and tunicates were measured as circular areas if the greater diameter was less than or equal to 1.5 times the perpendicular diameter. Half the geometric mean diameter was used as the radius in the calculation. If the greater diameter was larger than 1.5 times the perpendicular diameter, the area was measured as a rectangle by simple multiplication.
Sea fans, such as Gorgonia and Iciligorgia, were measured on one surface and the calculated area was doubled. The doubling of the area was done because fish can encounter the sea fans and browse them from both sides rather than from one side (as on encrusting organisms).
area was done because fish can encounter the sea fans and browse them from both sides rather than from one side (as on encrusting organisms). Surface areas of bushy gorgonaceans and antipatharians, and of tubular or finger-like sponges, were estimated by calculating the vertical surface area of a cylinder, circumference times height. Although the actual surface area was less for the bushy gorgonaceans and antipatharians, which were in the form of many thin and separated branches, the fish could still be considered to encounter a large cylindrical area.
Surface areas of bushy gorgonaceans and antipatharians, and of tubular or finger-like sponges, were estimated by calculating the vertical surface area of a cylinder, circumference times height. Although the actual surface area was less for the bushy gorgonaceans and antipatharians, which were in the form of many thin and separated branches, the fish could still be considered to encounter a large cylindrical area.
Some sponges were spherical. The estimated surface area of the sphere (41πr 2 ) was calculated by using half of the geometric mean of the three diameters (height, width, and perpendicular width) as the radius.
A total of 254 quadrats (0.0625 m 2 each) were examined from which about three thousand animals were measured (two or three dimensions each). The surface areas occupied by algal turf, crustose coralline algae, etc., were difficult to measure by dimensions and so a tally was made of the organisms occupying the substrata A total of 254 quadrats (0.0625 m 2 each) were examined from which about three thousand animals were measured (two or three dimensions each). The surface areas occupied by algal turf, crustose coralline algae, etc., were difficult to measure by dimensions and so a tally was made of the organisms occupying the substrata under the points of intersection of strings tied across the 0.0625 m 2 quadrats. Four strings tied from both sides of the quadrat gave 16 intersecting points for each quadrat. Point intersection data were used to assess horizontal surface coverage. A total of 254 quadrats provided a total of 4,064 points of intersection data.
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The surface area was proportioned among the phyla by averaging the horizontal areal estimates from point-intersection and horizontal dimension measurement data (which were in close agreement for all major taxa). Within each taxon (sponge, gorgonacean, etc.), the relative vertical and horizontal dimensions were calculated. The vertical areas for each taxon were then added to the total for the community by taking their vertical areas relative to their horizontal areas and multiplying this by the proportion of their horizontal area in the community. When all vertical and horizontal areas were summed for the entire community, the proportions of the total made up by each species were calculated.
Field feeding observations.-Foraging behavior and prey selection were observed by following Field feeding observations.-Foraging behavior and prey selection were observed by following each prey category (Randall, 1967; Hobson, 1974) for each fish stomach. The presence in the stomachs of entire polyps with eight pinnate tentacles was considered evidence for browsing on octocorals, and masses of tissue with zooxanthellae were considered as evidence for browsing on hexacorals. Stomach contents were examined only to verify that polyp tissue was actually taken. The relative proportions of anthozoan taxa in the diet were determined more accurately from field observations. individual chaetodontids for 5-min periods and tallying the number of bites on each prey item. Individuals were not followed over successive 5-min periods. Observations were obtained twice each day: in the morning (0730 to 1200) and afternoon (1530 to 1830). Fish were followed as closely as possible without influencing their behavior. While this "discreet distance" (Reese, 1975) varied, the fishes did not appear to be affected by the observer .
The prey species could not be visually identified when the fish foraged for small prey in algal turf, on undersurfaces, or in the plankton. In those cases, the bites were tallied in categories of location.
Stomach content analysis.-When a fish pecked at a coral and left no obvious toothmarks, it was difficult to tell whether the fish was eating tissue from the coral polyp, mucus from the coral, microscopic debris or microscopic animals such as copepods associated with the coral. We also could not determine exactly what the fish was taking from the algal turf, undersurfaces or plankton. To determine the kinds of food taken from these surfaces, we speared at least ten adults of each fish species under study and pre-served the stomachs with a buffered 10% formalin solution and later examined the stomach contents.
The stomach contents were examined under both dissecting and compound microscopes. A visual estimate was made of percent of the total volume of stomach contents contributed by RESULTS AND DISCUSSION C. capistratus was a browser of anthozoans (Table  2 ). This was verified by stomach content analysis (Table 3) . In a total of 1,795 feeding observations for C. capistratus, 1,681 (93.6%) were on anthozoans. The other 114 observations probably involved predation by C. capistratus on small polychaetes and crustaceans (Table 3 ) from the algal turf (N = 107), from the surface of sponges (N = 6) or from off a hydroid (N = 1). When the anthozoans were considered as a class, C. capistratus was a specialist on hexacorals (scleractinians, anemones and zoanthids), significantly preferring them over octocorals and antipatharians (Table 4) . Although plexaurid gorgonaceans were prevalent in the diet at all sites, they were almost always taken considerably less than expected by chance. The proportions of different groups of anthozoans in the diet differed significantly from the proportions expected (Table 4) , and scleractinians were always taken more than expected (Table 2) . Among the hexacorals, the scleractinian corals, anemones and zoanthids all were generally favored by C. capistratus, but anemones and zoanthids were too scarce in the study areas to rank them with any certainty. Randall (1967:795) found much of the diet (38.6%) of C. capistratus to be made up of zoantharians, but "food habits may differ profoundly from area to area " (1967:671) . However, C. capistratus prefers hexacorals to octocorals and antipatharians.
C. capistratus was an active generalist when feeding on scleractinians. The proportions of different groups of scleractinians in the diet of C. capistratus (Table 6 ) differed significantly from the expected proportions (Table 7) , but the direction of deviation observed from the expected generally varied for the prevalent genera (Table 5) . The difference between sites was indicated by the large interaction term (Table  7) . Madracis was the only genus that appeared to be consistently selected. Mussids, especially Mycetophyllia, and Solenastrea were consistently taken in proportions greater than expected by chance, but this was possibly an artifact of the matter that they were not really prevalent at any of the study sites. Because the tendencies to select less abundant prey and to feed on a variety of prey promote evenness among proportions of items in the diet, the diet is usually more diverse than the available prey. This greater diversity in diet over available prey may not necessarily be the case if the available prey are very diverse. Note at the bottom of Table 5 that the diversity of items in the diet remains relatively constant despite greater variation in the diversity of available prey. A varied diet might be desirable for all but the most specialized of species.
Each individual G. capistratus appeared to be an active generalist on anthozoans, moving from coral colony to colony, usually taking from 1 to 5 bites from each colony. In the 5-min foraging observations (N = 61), each individual G. capistratus usually browsed on four to six species of anthozoans (4.9±1.4). Observation periods with fewer prey species were also those with fewer bites taken and the periods with more prey species were those with more bites taken (r = 0.95, N = 61, p <0.001). There were no significant differences between morning and afternoon foraging rates (Fs[1,3] = 3.5) or between foraging rates in the four transect areas (Fs [3, 3] = 0.6).
The foraging of G. aculeatus differed from that of C. capistratus in several fundamental ways. C. aculeatus was generally a predator rather than a browser, feeding on entire discrete individuals of polychaetes, crustaceans, and eggs (Table 3) . (However, nipping tentacles from tubeworms and pedicellariae and tubefeet from echinoids should be categorized as browsing.) C. aculeatus tended to forage over the un- dersurfaces of coral shelves and hidden crevices rather than over the exposed substratum (Table  8) . As with C. capistratus, there were no significant differences for c. aculeatus between morning and afternoon foraging rates (Fs [1, 3] = 2.1) or between foraging rates in the four transect areas (F s[3,3] = 7.8).
The most intense feeding activity of C. aculeatus was directed towards a large patch of eggs of the sergeant major Abudefduf saxatilis. The A. saxatilis left the eggs undefended for only a few minutes, so the eggs not only occupied a small area in the environment (were relatively scarce), but they were also frequently unavailable because they were defended.
The discrete food items sought by C. aculeatus (polychaetes, crustaceans, eggs) were probably of higher average caloric value, but were generally more difficult to obtain, than were the tissues of anthozoans browsed by C. capistratus. The sessile items in the diet of C. aculeatus often had either predator avoidance mechanisms (tubeworms) or were defended (fish eggs). These sessile items were so scarce on exposed surfaces that they did not show up in the prey availability survey. Therefore, the expected proportions of these items in the diet were zero and the C. aculeatus was highly selective. Thus, the predatory C. aculeatus was highly selective for hidden resources. The browser, C. capistratus, was an active generalist, tending to broaden its diet. The list of items in the diet of C. aculeatus was a subset of the list for C. capistratus (Table  3) .
Anthozoans generally have a much lower caloric value (494 cal/g wet wt, Cummins and Wuycheck, 1971) than do polychaetes and crustaceans (639 and 817 cal/g wet wt, Cummins and Wuycheck, 1971), so it seems reasonable to observe a coral-browsing chaetodontid consistently taking in more bites of food than a predatory chaetodontid. C. capistratus moved along the face of the reef, browsing on corals at a fairly regular pace, taking 29.4 ± 9.8 (61) bites per 5-min period. C. aculeatus moved from patch to patch, tending to bite in spurts, taking 12.2 ± 4.6 (44) bites per 5-min period. C. capistratus took significantly more bites (tS[103] = 11.95***) than did C. aculeatus, and there was significantly less variation in number of bites taken per 5-min interval (F S[60,43] = 3.65***).
Eggs generally have the greatest caloric value nutrition unless given a varied diet of corals and scuzz (John R. Eads and R. Sakamoto, pers. comms.). This dependence on a varied diet is in contrast to predators of crustaceans and polychaetes that can be maintained in aquaria on a relatively uniform diet (J .R. Eads and R. Sakamoto, pers. comms.). Fish malnutrition results usually from a lack of essential nutrients, not from too few calories. Fish are very dependent on certain nutrients being present in their diet. Serious symptoms of deficiencies of each of 14 essential vitamins are listed by Phillips (1969) . Some amino acids may be synthesized by fish, but at least ten essential amino acids must be obtained in the diet (Phillips, 1969) . "Protein requirements of fish are two to four times of the food we considered ( 1 ,492 cal/g wet wt, Cummins and Wuycheck, 1971 ) and probably contain a reasonably complete set of nutrients because the early stages in the lives of damselfishes are supported entirely within the eggs. The eggs are usually defended, and crustaceans and polychaetes are hidden, so it is not surprising that the predatory C. aculeatus tends to feed in spurts when the opportunities arise. The generalist, C. capistratus, also eats eggs, crustaceans and polychaetes (Table 3) , and probably prefers them, but it appears less competent in obtaining such guarded resources.
C. capistratus appears to occur in a wider range of habitats (including mangrove and "back reef" areas) than does C. aculeatus. C. capistratus might be able to obtain po1ychaetes and eggs more easily in the absence of C. aculeatus. Randall (1967) reported the gut contents from his specimens of C. capistratus to contain a greater proportion of polychaete tentacles (31.4%) and eggs (6.4%) than ours (Table 3) . This is not surprising, since his C. capistratus were collected in areas away from C. aculeatus U. E. Randall, pers. comm.), while our C. capistratus and C. aculeatus were collected along the same transect lines.
The aspect of foraging behavior that is most in need of explanation is the consistent tendency of C. capistratus to broaden its diet. Generalists such as Zanclus and coral-browsing chaetodontids will feed actively in aquaria for a few months, but eventually die of apparent mal- 
